BACKGROUND: Asthma is a chronic inflammatory disorder of airway characterized by variable symptoms and variable airflow limitation. There are many patients developed persistent airflow limitation in due course of disease due to many factors. The present study was conducted to characterize this phenotype and to identify the factors which are implicated in causing persistent airflow limitation.
Introduction
A sthma is a heterogeneous disease, usually characterized by chronic airway inflammation. It is defined by the history of respiratory symptoms such as wheeze, shortness of breath, chest tightness, and cough that vary over time and in intensity, together with variable expiratory airflow limitation. [1] Heterogeneity means asthma have different phenotypes which vary in their etiology (atopy/nonatopy), severity, inflammatory profile, age of onset, and response to treatment. Although airways' limitation is mostly reversible, persistent airflow limitation can develop in a subgroup of patients with asthma who have no significant history of smoking and optimal treatment. [2] The etiology of persistent airflow limitation in asthma is still unknown, although most investigators assume that such loss of lung function is causally related to inflammatory processes in the airway wall. [3] The presence of persistent airflow obstruction may lead to wrong diagnosis of chronic obstructive pulmonary disease (COPD), especially in smokers with characteristics of asthma and/or atopic. [4, 5] Persistent airway obstruction in asthma has been shown to be associated with more severe disease [6, 7] and has been reported to be a predictor of overall mortality in patients with asthma. [8] However, data about the exact prevalence of and risk factors for persistent airflow limitation are limited.
The aim of the present study is to evaluate the differences in clinical, pathophysiologic characteristics and treatment between asthmatic patients with and without persistent airflow obstruction. We compare variables such as age at onset, smoking history, obesity, and atopic status as clinical characteristics, bronchodilator reversibility, total IgE, and eosinophil and neutrophil percentages in the peripheral blood markers of airway inflammation, and ICS responsiveness.
Aims and objectives of the study 1 . Clinical characteristics of bronchial asthma with persistent airflow limitation 2. Pulmonary function characteristics of bronchial asthma with persistent airflow limitation.
Materials and Methods

Study population
We recruited consecutive 163 patients aged less than 40 years, diagnosed, and treated as bronchial asthma in the pulmonary medicine department of AIIMS, Patna. All the patients who have been followed up in an asthma clinic for at least 6 months included in the study. Demographic data, smoking status, body mass index, and type of treatment were recorded for all patients.
Diagnosis of asthma was based on the GINA guidelines. [1] If patient has a history of respiratory symptoms such as wheeze, shortness of breath, chest tightness, and cough that vary over time and intensity and/or variables expiratory airflow limitation (forced expiratory volume in 1 s [FEV1]/forced vital capacity (FVC) <75% of LLN, FEV1 <80%, FEV1 increases by >12% and 200 ml after 400 mcg of salbutamol). Early-onset asthma was defined as the onset of asthma symptoms before the age of 18 years. The study was approved by the Institute Ethical Committees of AIIMS, Patna.
Exclusion criteria
Patients with a diagnosis of other respiratory disease, concomitant malignancy, and severe heart, liver, renal, or collagen disease were excluded. Patients with a respiratory tract infection or an asthma exacerbation in the past 8 weeks were also excluded.
Definition of persistent airflow limitation
Patients were assigned to the group with persistent airflow obstruction if they presented postbronchodilation FEV1 or FEV1/FVC values <70% predicted. We took cutoff of 70% instead of 75% (which was used by other study [9] ) because fixed airflow limitation or irreversible airflow limitation defined by a cutoff of 70% postbronchodilator similar to used in COPD diagnostic criteria. [10] All other subjects were considered to be able to achieve a normal or near-normal FEV1 and were classified to the group without persistent airflow obstruction.
The sociodemographic and disease characteristics of the patients documented according to a detailed pro forma. The age at onset of asthma was judged as accurately as possible and used to calculate the duration of asthma. Pulmonary function tests were performed with reversibility testing. Reversibility performed with 400 mcg of salbutamol given by MDI with spacer. All lung function parameters were expressed as percentages of predicted values. Persistent airflow limitation was defined as a postbronchodilator FEV1 or FEV1/ FVC <70% predicted. All patients underwent blood tests such as complete blood count and serum total IgE to know atopic status.
Statistical analysis
Categorical variables are presented as n (%), whereas numerical variables are presented as mean ± standard deviation or median (interquartile ranges) for normally distributed and skewed data, respectively. Comparisons between patients with fixed and nonfixed airway obstruction were performed using Chi-square tests for categorical data, as well as unpaired t-tests or Mann-Whitney U-tests for normally distributed or skewed numerical data, respectively.
Results
A total of 164 consecutive patients diagnosed as bronchial asthma and followed in our asthma clinic were included in the study. Fifty patients excluded as they did not have all data. Hence, a total of 114 patients included in study and 42 (36.84%) patients had persistent airflow limitation. Baseline characteristics which include demographic and clinical data are represented in Table 1 . Patients with persistent airflow limitation have a higher age, and more proportion of the patients were male. History of allergic rhinitis is an important risk factor associated with asthma with persistent airflow limitation (P = 0.001). 26.19% of the patients with persistent airflow limitation had a history of symptom since childhood and generally having a longer disease duration as compared to patients without airflow limitation (P < nonsignificant [NS] ). Most of the study patients (92.98% -92.08% with persistent airflow limitation and 93.05% of patients without airflow limitation) were nonsmoker. The factors such as onset of disease after 18 years, history of atopy, family history of asthma, and biomass fuel exposure did not differ between group with or without airflow limitation [ Table 1 ].
Patients with persistent airflow obstruction had a significantly lower both pre-and post-bronchodilator FEV1 and FEV1/FVC ratio compared to patients without persistent airflow obstruction. There were significantly more proportion of the patients with persistent airflow limitation required Step 
Discussion
This study conducted to evaluate the clinical and pulmonary function characteristics of patients of bronchial asthma with or without persistent airflow limitation, which is also called sometimes as reversible and irreversible airflow obstruction. Asthma is mainly characterized by variable symptoms and variable airflow limitation. However, several asthma patients developed persistent airflow limitation in due course of disease, which makes some times challenging to differentiate from COPD. This challenge highlighted by the ATS statement in late back 1995 [11] is "it may be impossible to differentiate patients with asthma whose airflow obstruction does not remit completely from persons with chronic bronchitis and emphysema with partially reversible airflow obstruction and bronchial hyperresponsiveness." Hence we took asthma patients who have an age less than 40 years to exclude COPD and characterized clinically and on lung function parameters between reversible and irreversible airflow limitation. Our study shows that advancing age and male gender were found important risk factors for persistent airflow limitation. History of symptom since childhood and allergic rhinitis were the important factors leading to persistent airflow limitation. The factors such as onset of disease after 18 years, history of atopy, family history of asthma, and biomass fuel exposure did not differ between group with or without airflow limitation. History of smoking is an important risk factor for asthma which increases both morbidity and mortality. We could not find the difference statically significant as a number of smokers are very few in number. The current standard for asthma diagnosis is based on the typical clinical features in addition to the presence of airway dysfunction documented objectively with a significant change in (FEV1) after bronchodilator administration. There is overlap in bronchodilator reversibility and other measures of variation between health and disease. [12] In our study, less than half of patients shown reversibility of >12% and this proportion of patient further reduced in patients with persistent airflow limitation (36.11%). If we put criteria of both >12% and >200 ml increase in FEV1, only 26.7% of the study patients show this finding. Our finding supported by many studies which show incomplete airflow reversibility in asthma. [2, 13] Reversibility also depends upon severity of bronchial asthma. Generally, patients of severe asthma have lesser reversibility and more of persistent airflow limitation spirometry as compared to mild-to-moderate asthma. There is a study [14] which measures proportion of severely asthmatic patients with persistent airflow limitation and it was found as high as 49%. In another study, [15, 16] in moderate-to-severe asthma, 23% of the patients exhibited incomplete reversibility of airways obstruction. During chest auscultation, bilateral air entry got reduced more in patients who have persistent airflow limitation as compared to without but this difference was not statically significant. Our study shows very high level of IgE which could be due to viral infections, which is the commonest cause of exacerbation of symptoms in asthma or may simply represent a generalized upregulation of IgE production. [17] Persistent airflow obstruction represents a specific phenotype with severe disease requiring more intense treatment. However, we cannot exclude other factors that may contribute to the presence of persistent airflow obstruction. These factors may be related to the presence of persistent air-trapping, [18] domestic exposure to molds, hospitalization during the last year, and frequent exacerbations. Almost 10% of asthma patients in this study have hyperinflated lung fields in chest X-ray which was found more with patients with persistent airflow limitation. This study also shows that patients with persistent airflow limitation have a more of severe asthma category than without (P < NS).
Our study has few limitations. The sample size is small in which difficult to assess association between variables and persistent airflow limitation. We could not identify other eosinophilic lung disease such as Allergic bronchopulmonary aspergillosis (ABPA) and tropical pulmonary eosinophilia. We have also not measured eosinophilia markers such as Fraction of Exhaled Nitric oxide (FENO) and sputum eosinophil which could help in characterized asthma patients with persistent airflow limitation.
Conclusions
Bronchial asthma is now recognized as a heterogeneous disease with number of phenotype. Many a times, it is very difficult to differentiate from COPD because of poor reversibility in spirometry. We found that patients developed irreversible airflow limitation or COPD such as spirometry variables if it has been started since childhood, longer disease duration, and history of allergic rhinitis. The factors such as onset of disease after 18 years, history of atopy, family history of asthma, and biomass fuel exposure did not differ between group with or without airflow limitation.
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